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Abstract 
In electrochemical microdrilling (ECMD), the machining accuracy will be affected by stray current. The most effective improvement is to coat 
the insulation layer on the electrode sidewall so that current can only be accurately released from the bottom end. In this he electrode is coated 
by using the sol-gel dipping method. The innovative oxygen plasma surface treatment is used to improve film adhesion on the helical edge. The 
electrode has voltage resistance up to 19.4 V by oxygen pressure of 400 mtorr and plasma power of 40 W. Finally, the coated electrode is tested 
to know the ECMD performance. The objective of this paper is to enhance the machining accuracy for ECMD process. The process parameter 
P44C01E could obtain effective improvement on difference between inlet and outlet from 157 ȝm to 10 ȝm. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Scientific Committee of the 6th CIRP International Conference on High 
Performance Cutting. 
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1. Introduction 
Electrochemical machining (ECM) is widely recognized that 
has great potential and many applications in micromachining 
[1]. ECM has many other advantages, such as high machining 
efficiency, minimal tool wear, a lack of residual stress, absence 
of burrs, improved surface quality of the machined product and 
a capacity to machine complex shapes in electrically conductive 
materials regardless of their hardness. Since µECM has 
particular micromachining advantages, it has been successfully 
used to manufacture various micro-parts and –devices. 
The microhole is an important basic element in microparts 
and devices. When ECM is used in electrochemical 
microdrilling (ECMD), the tool electrode is very small and the 
flow channel cannot be provided for electrolyte in electrode, so 
the electrolyte cannot be renewed rapidly. Therefore, the 
electrolyte cannot rapidly carry away the reaction products, 
such as gas bubbles, sludge and Joule heat, from the machining 
zone. The ions that are depleted during pulse-on period cannot 
easily be replenished by convection and diffusion of the 
electrolyte. These phenomena cause the resistance to be 
changed in the inter-electrode gaps. Variation in the resistance 
affects the machining accuracy and surface quality of 
microholes. It may sometimes cause short-circuiting, damaging 
the tool and workpiece during ECMD process because the inter-
electrode gaps are small. However, the machining accuracy will 
be affected by stray current in ECM. The most effective way to 
improve is to coat the insulation layer on the electrode sidewall, 
so that current could only be accurately released from the 
bottom end. The life of the electrode would be reduced by thin-
film cracks if the bonding force between the film and the 
electrode is too weak to machine a precious microhole. 
Insulation coating can focus current from the tip of electrode. 
A copper electrode is side insulated and used to fabricate 
microhole with a diameter of 220 µm on stainless steel plate 
with a depth of 300 µm [2]. Deep microholes with high aspect 
ratios also achieved by using insulated tool on stainless steel 
materials [3]. Insulated tools with diameters range from 80 µm 
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to 100 µm are employed to drill a microhole on stainless steel 
plate with a thickness of 0.5 mm [4]. 
As to strengthen bonding force, J. van den Brand et al. [5] 
proposed two methods that could actually improve the bonding 
force between the epoxy coating and aluminum plate, 
adsorption and durability. Previous study found that cylindrical 
tungsten carbide electrode of 100 ȝm diameter effective coated 
with double insulations (inner three layers of titanium oxide and 
outer three layers of epoxy) and helical electrode by using 
process parameter EB10C01E treatment [6] could get a precise 
microhole in ECMD.  
The helical electrode insulation coating has many difficulties 
as effect of surface tension on the edge. The oxygen plasma 
method is widely used to clean and modify in industrial surface 
treatment. In this study, oxygen plasma surface treatment and 
surfactants are adopted to reduce the surface tension, which 
could make a complete coating with good combination on the 
helical electrode edge. Finally, the coated electrode is tested to 
know the ECMD performance. 
2. Process and test methods. 
2.1. Helical electrode surface treatment 
Due to surface tension effects, coating film cannot be 
attached on the electrode side edge. Therefore an oxygen 
plasma surface treatment is adopted to reduce surface tension. 
In this experiment, the electrode is put into the PCD 150 Plasma 
Cleaner as shown in figure 1. The oxygen pressure is set as 300, 
400 and 500 mtorr respectively. The plasma power is set as 30, 
40 and 50 W respectively. The silicone non-ionic surfactant 
trademark is BYK-333 which is adopted to improve the surface 
tension of the both sol. The number code is enlisted so as to 
facilitate recorded and observations. For example, the number 
code is P44C01E05 as oxygen pressure of 400 mtorr and 
plasma power of 40 W, surfactant of 0.1wt% in ceramic sol and 
0.5wt% surfactant in epoxy sol, as shown in figure 2.  
Figure 1 The plasma cleaner. 
Figure 2 The description of the number code. 
2.2. Sol-gel preparation of the ceramic and epoxy 
The ceramic of TiO2 is used in this paper. The production 
methods are as follows: 
(1) Isopropoxide titanium and alcohol are mixed in molar 
concentration ratio of 1:4. 
(2) A concentration of 35% of HNO3 is dilute with water in 
a volume ratio of 1:2. 
(3) The dilution of HNO3, water and alcohol are mixed in 
molar concentration ratio of 0.28:1:4. 
(4) The resultant solution of step (3) is added to the solution 
of step (1) and continuous stirred until the solution is clear. 
(5) To enhance the integrity coating of the helical electrode, 
the surfactant is added as 0.1wt% and 0.5wt% respectively. 
The epoxy sol-gel is mixed with main agent Į and vice agent 
ȕ. And then adding the surfactant is as 0.1 wt% and 0.5 wt%, 
respectively. 
2.3. Ceramics and epoxy layers coating 
Three layers of ceramic film and three layers of epoxy film 
are coated separately in sol-gel dipping. The temperature for 
ceramic film drying is set as 60 ˚C in one hour; the temperature 
for sintering is set as 400 ˚C in two hours. The epoxy curing 
temperature is set as 80 ˚C in 24 hours. The pull-up rates for 
ceramic and epoxy coating are set as 6 mm/min in dip coating 
process. 
2.4. Insulation layer test by electrolytic method 
To test the voltage resistance of insulated layer, the 
insulation layer is tested by electrolytic method as shown in 
figure 3. The coated electrode is connected to the cathode, the 
anode connected to copper rod in the NaCl electrode of 15 wt%. 
The distance between two electrodes is set as 4 cm. The voltage 
is enhanced and recorded until the bubble occurred on electrode 
side.
Figure 3 Schematic diagram of the insulation layer test experiment. 
2.5. Machining test by electrochemical microdrilling 
To ensure actual drilling capability, the electrodes are tested 
and observed by using an electrochemical microdrilling 
(ECMD) [7]. The parameters of ECMD process are listed as 
table 1. The drilled hole is measured to compare with coated 
and uncoated electrode. 
P44C01E05
Plasma Plasma power(W) Surfactant concentration (wt%)
Oxygen pressure(mtorr) Ceramic film*3 Epoxy film*3
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Table 1 The parameters of ECMD process. 
Parameters                       Description 
Voltage (V) 7~12 
Rotational speed (rpm)   2,500 
Electrolyte concentration (wt%)   5 
Pulse-on time (ȝs)              50  
Pulse-off time (ȝs)                 50 
Electrode diameter (ȝm) 100 
SUS304 specimen size (mm)        14 x 14 x 1t 
Machining feed (ȝm/s)                 2  
Initial gap (ȝm)              50  
Machining stroke (ȝm)                  1,100  
Solution                     Pure water  
Additive                     Sodium nitrate 
3. Results and discussion 
3.1. Effect of oxygen pressure and plasma power to helical 
electrode in oxygen plasma surface treatment 
The oxygen plasma surface treatment could clean impurity 
and enhance surface energy to increase the adhesion of ceramic 
and tolerable voltage of film. The tolerable voltage test results 
could be observed from figure 4, the oxygen pressure of 400 
mtorr and plasma power of 40 W has good tolerable voltage 
resistance of 19.4 V in parameter P44C01E. The parameters of 
P34C01E, P43C01E, P44C01E and P54C01E are 14.4V, 15.9, 
19.4V and 15.2V respectively, these conditions could satisfy 
the basic demand in stainless ECMD. In addition, from table 2 
the tolerable voltage resistance of P00CE is 3 V only. Therefore, 
the oxygen plasma surface treatment indeed could increase the 
tolerable voltage of film. 
Figure 4 The oxygen pressure and plasma power relative to tolerable voltage. 
3.2. Effect of surfactant on coating layer voltage resistance 
after oxygen plasma surface treatment 
As to tolerable voltage resistance test, the electrode inside is 
coated with three TiO2 layers and outside is coated with the 
three epoxy layers. From figure 5 and table 2 can be seen that 
the surfactant proportion of 0.1wt% in ceramic sol and non-
added epoxy is better. As can be seen that added the surfactant 
into the epoxy sol will reduce the tolerable voltage resistance. 
Figure 6 revealed SEM observation of the P44C01E insulation 
layer after tolerable voltage resistance test. It could be seen that 
the film is firstly cracked and stripped along the helical 
electrode edge. 
Figure 5 The proportion of surfactant relative to tolerable voltage. 
Table 2. The relationship various process parameters and coating layer voltage 
resistance in etching procedure B. 
Process parameters Sidewall (V) 
P00CE 3 
P44CE 16.2 
P44C01E 19.4 
P44C05E 10.6 
P44C01E01 9 
P44C01E05 7.4 
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Figure 6 Microscopic observations of P44C01E insulation layer after tolerable 
voltage resistance test. 
3.3. Electrochemical microdrilling test 
From figure 7, the helical electrode coated with insulation 
layer by using oxygen plasma surface treatment could improve 
shape machining accuracy effectively. The machining results 
revealed the inlet diameter of 505 ȝm and the outlet diameter 
of 348 ȝm by using an electrode without insulation layer. The 
average hole diameter is 426.5 ȝm after drilling. The difference 
between inlet and outlet is 157 ȝm. After parameter P44C01E 
treatment, the inlet diameter is reduced as 150ȝm, the outlet 
diameter is reduced as 140 ȝm. The average hole diameter is 
145 ȝm. The difference between inlet and outlet is 10 ȝm. 
Therefore, this method indeed has good improvement.  
1RQFRDWHG
HOHFWURGHġ
P44C01E 
HOHFWURGH
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P44C01E 
Inlet: 150 ȝm 
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2XWOHW 348 ȝm
P44C01E 
Outlet: 140 ȝm 
Figure 7 ECMD experimental results 
4. Conclusion 
The helical electrode with ceramic and epoxy insulation 
coating has been successfully developed by using oxygen 
plasma surface treatment in this paper. The electrode surface 
by oxygen pressure of 400 mtorr, plasma power of 40 W and 
added the surfactants of 0.1 wt% into sol-gel can be used to 
improve ceramic film adhesion on the helical edge. The study 
results found that the electrode could have voltage resistance 
up to 19.4 V by indirectly etching of 10 seconds. The process 
parameter P44C01E could obtain effective improvement on 
average hole diameter from 426.5 ȝm to 145.0 ȝm. 
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